Background {#Sec1}
==========

Gall bladder cancer (GBC) is the most common malignancy of the biliary tract and constitutes 80--95% of the biliary tract cancers \[[@CR1]\]. It is an aggressive tumor diagnosed at an advanced stage in more than 50% cases resulting in a poor outcome \[[@CR2]\]. Although improvements in the imaging techniques have helped in diagnosing and staging in GBC, 20--40% patients of GBC with metastasis are missed \[[@CR3], [@CR4]\]. As per NCCN guidelines, CEA and CA19--9 are baseline tests and should not be done to confirm diagnosis \[[@CR5]\]. Role of CEA and CA19--9 in detection of locally advanced or metastatic disease and prognosis of the disease is not well studied. Few studies have previously reported the prognostic and/or diagnostic value of CEA or CA19--9 \[[@CR6]--[@CR8]\] and the combined value of these tumor markers \[[@CR9], [@CR10]\]. However, no strong recommendation is available regarding their use in GBC. We conducted a study to determine the value of CEA and CA19--9 in detecting the advanced (locally advanced or metastatic) GBC and to identify their prognostic value in patients of GBC without jaundice.

Methods {#Sec2}
=======

Patients and methods {#Sec3}
--------------------

Patients with suspected GBC managed from October 2013 to April 2017 were reviewed from prospectively maintained database.

Informed patient consent was obtained for this research.

### Inclusion criteria {#Sec4}

Patients with GBC without surgical obstructive jaundice (SOJ) were included.

Patients with GBC with SOJ and GBC masquerades who underwent surgical resection for suspected GBC but had benign disease on final histopathology were excluded.

Patients were divided into three groups- resectable, unresectable (because of locally advanced disease) and metastatic disease.

Definitions {#Sec5}
-----------

### Resectable disease {#Sec6}

Patients with GBC without any evidence of unresectability or metastasis underwent curative resection.

### Unresectable disease {#Sec7}

Presence of main portal venous involvement or contralateral hepatic artery involvement either on dual phase contrast CT scan or as observed at operation.

### Metastatic disease {#Sec8}

Presence of biopsy proven inter-aortocaval (IAC) or lymph nodes on left side of coeliac axis, liver metastasis, omental, ovarian or peritoneal deposits were considered as metastatic disease.

#### Preoperative work up {#FPar1}

All patients had a detailed clinical evaluation, blood investigations including tumor markers-CEA and CA19--9 and imaging. Chest X-ray, ultrasonography of abdomen with Doppler, dual phase contrast enhanced CT scan (CECT) were routinely done. Upper gastrointestinal endoscopy was done selectively in patients suspected to have gastro-duodenal infiltration. The extent of the disease and Fine needle sampling of Interaortocaval region was done with endoscopic ultrasound. PET CT scan was done in selected patients. AJCC 8th edition was used for staging \[[@CR11]\].

### Tumor markers {#Sec9}

Serum CEA and CA19--9 levels were detected by electro-chemiluminescence immunoassay (Cobas; Roche Diagnostics, Germany) at the Department of biochemistry, GIPMER. Normal reference value for CEA and CA19--9 were (0-4 ng/ml) and (0--37 U/ml) respectively.

#### Peri-operative strategy {#FPar2}

Patients with resectable disease at outpatient evaluation were admitted for definitive treatment. All patients underwent staging laparoscopy to rule out metastatic disease. Definitive procedure was abandoned if metastases was confirmed on biopsy. Frozen histopathological examination of Inter aortocaval lymphnode sample was performed prior to assessment of local resectability. Patients with unresectable disease underwent palliative bypass if required. To obtain R0 status, gallbladder mass with 2 cm liver wedge or segment IVB, V was resected. Patients with T4 disease underwent additional segmental/ sleeve resection of bowel or segmental resection of bile duct to achieve R0 status. Lymph nodes along the hepatoduodenal ligament, pericholedochal, periportal, peripancreatic and right celiac nodes were cleared as standard lymphadenectomy. Patients with infiltration of the pedicle on the right side underwent extended right hepatectomy. Frozen examination of cystic duct margin was a routine practice. Common bile duct resection was done in patients with obvious infiltration of duct by tumor, presence of malignancy at cystic duct margin on frozen examination and for lymph nodal clearance, if required. .

Follow up {#Sec10}
---------

Patients were assessed clinically; biochemical including liver function tests and ultrasonography of the abdomen at 3 months interval during first year and 6 months interval in later years.. A CECT scan of the abdomen was done at 1 year in patients who remained well. It was done earlier if necessitated by clinical or ultrasound findings.

Chemotherapy {#Sec11}
------------

Patients were treated by multimodality approach with gemcitabine-based chemotherapy in both the adjuvant and palliative setting. Any node positive tumor or T1b disease and above patients were subjected to adjuvant chemotherapy. In Palliative setting maximum possible supportive care was given. .

Parameters recorded {#Sec12}
-------------------

Clinical and pathological details were collected, including age, gender, serum CEA and CA19--9 levels, Resectable or unresectable or metastatic disease status, resection margin status, AJCC staging of the disease, location of metastasis, survival time, survival status, adjuvant or palliative chemotherapy.

Statistical analysis {#Sec13}
--------------------

Overall survival was measured from the time of resection to death or last followup. All data are presented as median for non-parametric distributions. Statistical analysis was done using SPSS software (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp). Categorical variables were compared with the χ2 test or Fisher's exact test. The cut off value of CA19--9 and CEA were calculated using receiver operating characteristic (ROC) curve in predicting metastatic disease. ROC curve was used to calculate the sensitivity and specificity of the tumor markers. The area under the ROC curve (AUROC) was adopted for the prognostic accuracy. A *P* value less than 0.05 was considered to indicate statistical significance. Survival analysis was done using Kaplan Meier test and comparison of survival between two groups was done using log rank test. Calculation of hazard ratio, univariate and multivariate analysis was done using Cox regression model.

Results {#Sec14}
=======

A total of 225 patients with GBC were evaluated from October 2013 to April 2017. Forty-nine patients who presented with jaundice were excluded. Among the 176 patients included, 92 (52.3%) patients had a resectable disease, 17 (9.6%) were locally advanced & unresectable and 67 (38.1%) had metastatic disease. Among 84 patients with inoperable disease, 45 (14 locally advanced & unresectable; 31metastatic) were diagnosed preoperatively while 39 (3 unresectable; 36 metastatic) were diagnosed intra-operatively. Clinical and pathological variables of the study group are shown in Table [1](#Tab1){ref-type="table"}. Table 1Shows clinicopathological characteristics of GBC patientsVariables*n* = 176Age in years median (Range)55 (17--80)Gender, n (%)Male: 38 (21.6%)Female: 138 (78.4%)Serum CEA, ng/ml median (Range)4.2 (0.5--304.2)Serum CA19--9, IU/ml median (Range)28.2 (0.6--38,689)Disease status, n (%)Resectable: 92 (52.3%)Unresectable: 17 (9.6%)Metastatic: 67 (38%)AJCC staging, n (%)Stage 1: 16 (9.1%)Stage 2: 25 (14.2%)Stage 3: 43 (24.4%)Stage 4A: 17 (9.7%)Stage 4B: 75 (42..6%)

The median value for CA19--9 was significantly higher for patients with metastatic disease as compared to unresectable or resectable disease (79 vs 53.9 vs 21.35 IU/ml; *p* \< 0.001). The median value for CEA was not statistically higher for patients with metastatic disease as compared to unresectable or resectable disease (5.1vs 7.85 vs 3.52 ng/ml; *p* = 0.20).(Table [2](#Tab2){ref-type="table"}) A cut off value of 72 IU/ml for CA19--9 had a sensitivity of 52% and a specificity of 80% with area under ROC curve (AUC) 0.674 in predicting the metastatic disease, whereas a cutoff value of 5 ng/ml for CEA had a sensitivity of 51% and a specificity of 72% with AUC 0.628 for detection of metastatic disease. (Table [3](#Tab3){ref-type="table"}, Fig. [1](#Fig1){ref-type="fig"}a and b). Only 14/56 patients (25%) with Ca 19.9 levels \> 72 ng/ml whereas 14/45 patients (37%) with CEA levels \> 5 ng/ml were resectable. Table 2Ca19.9 and CEA values among the three groups of patientsVariablesGroup1(Resectable)Group2(Unresectable)Group3(Metastatic)***P*** valueCa19.9 median IU/ml21.3553.979\< 0.001CEA median IU/ml3.57.85.10.201Table 3Cutoff value with sensitivity and specificity of tumor markers for detection of metastasisTumor markerCut off valueSensitivitySpecificity**CA19--9**72 IU/ml52%80%**CEA**5 ng/ml51%72%Fig. 1**a**: ROC curve for CA19--9 for detection of metastasis (Area under curve: 0.674 with a cut-off value of 72 IU/ml). **b**: ROC curve for CEA for detection of metastasis (Area under curve: 0.628 with a cut-off value of 5 ng/ml)

Out of 176 patients, 92 patients had resectable disease and underwent curative resection. Except one patient, all had R0 resection. One patient developed surgical complication in the postoperative period and died during the hospital stay and was excluded for the survival analysis. Five patients were lost to follow up. Among remaining 86 patients, forty six patients received chemotherapy while 40 patients did not receive chemotherapy. The median survival of patients who received chemotherapy was similar those who did not receive chemotherapy group (30 months (95% CI:24--72) vs 29 months (95% CI: 24--75) *p* value = 0.669). The chemotherapy did not show significant difference in survival in the resectable group. Factors affecting the overall survival in the resectable group of patients (*n* = 86) were analysed. Median survival of patients with CEA ≤ 4 was significantly higher than CEA \> 4 (49 vs 26 months, *p* value 0.041) and Median survival of patients with CA19--9 ≤ 37 was significantly higher than CA19--9 \> 37 (49 vs 24 months, p value 0.019). (Table [4](#Tab4){ref-type="table"}, Fig. [2](#Fig2){ref-type="fig"}a and b\] Similarly, female patients (*p* = 0.045), patients with stage T1/T2 (*p* = 0.001), node negative patients (*p* = 0.001) and no perineural invasion (*p* = 0.010) showed significantly better survival. Patients with lymphovascular invasion (present/absent) showed similar survival. However on multivariate analysis, none of the factors was found to be statistically significant in affecting overall survival. (Table [5](#Tab5){ref-type="table"}). Table 4Factors affecting overall survival in patients undergoing curative resection (*n* = 86)VariablesnMedian survival (months)3 yr survival5 yr survival***P*** value (Log rank)**Age≤50**405062.2%46.6%0.051**\> 50**462846.3%22.5%**SexFemale**675061.5%56.4%**0.045Male**192634.3%11.4%**CEA≤4**354964.1%42.8%**0.041\> 4**332641.8%12.5%**CA19--9≤37**594966.6%40.0%**0.019\> 37**272429.6%--**T stage 1/2**525074.5%49.7%**0.001T stage 3/4**341618.0%09%**Node negative**475522.3%08%**0.001Node positive**392477.4%57.5%**LVINo**432850.0%37.5%0.633**Yes**172630.3%30.3%**PNINo**423957.7%43.3%**0.010Yes**181615.7%15.7%Fig. 2**a**: Kaplan Meir Survival graph showing significantly better survival for patients CA 19--9 ≤ 37 IU/ml as compared to CA 19--9 \> 37 IU/ml. **b**: Kaplan Meir survival graph showing significantly better survival for patients CEA ≤4 ng/ml as compared to CEA \> 4 ng/mlTable 5Univariate and multivariate analysis of factors affecting overall survival in patients undergoing curative resectionvariablesnUnivariateMultivariate***P*** valueHR (CI)***P*** valueHR (CI)**Age\< 50**400.0580.520 (0.264--1.022)**\> 50**46**Sexfemale**670.0520.511 (0.260--1.006)**Male**19**CEA\< 4**35**0.049**0.473 (0.225--0.996)0.7200.831 (0.302--2.285)**\> 4**33**Ca19.9\< 37**59**0.024**0.463 (0.237--0.903)0.2740.574 (0.212--1.552)**\> 37**27**T stage1/2**53**0.001**0.184 (0.093--0.365)0.3680.598 (0.195--1.831)**T stage3/4**33**Node Negative**47**0.001**0.264 (0.132--0.524)0.6920.781 (0.229--2.659)**Node Positive**39**LVINo**430.6391.211 (0.544--2.698)**Yes**17**PNINo**42**0.014**2.567 (1.212--5.440)0.8241.147 (0.343--3.830)**Yes**18

Among the resected patients (*n* = 86), on follow-up, recurrence was noted in 38 patients (44%). Among these 23(60.5%) patients had systemic recurrence alone, 5(13.2%) had local recurrence alone whereas 10(26.3%) patients had both systemic and local recurrence. On univariate analysis of patients having recurrence, CEA \> 4 (*p* value = 0.040), CA19--9 \> 37 (*p* = 0.013),T stage (T3/ T4, p value 0.001), N stage (N+ p 0.001) and perineural invasion positivity (p 0.012) were found to be statistically significant in predicting recurrence. On multivariate analysis, only CA19--9 \> 37 (*p* value 0.020, hazard ratio 5.803) was found to be statistically significant. (Table [6](#Tab6){ref-type="table"}). Table 6Univariate and multivariate analysis for factors affecting recurrenceVariablesRecurrence(n)UnivariateMultivariate***P*** valueHR (CI)***P*** valueHR (CI)**Age\< 50**130.0540.420 (0.174--1.016)**\> 50**25**Sexfemale**260.0720.379 (0.132--1.089)**Male**12**CEA\< 4**11**0.040**0.352 (0.130--0.954)0.9061.093 (0.253--4.725)**\> 4**19**Ca19.9\< 37**21**0.013**0.293 (0.111--0.770)**0.020**5.803 (1.324--25.440)**\> 37**17**T stage1/2**13**0.001**10.989 (3.861--31.275)0.4122.111 (0.354--12.582)**T stage3/4**25**Node Negative**12**0.001**5.667 (2.222--14.451)0.4841.874 (0.322--10.904)**Node Positive**26**LVINo**90.5410.704 (0.228--2.171)**Yes**19**PNINo**13**0.012**0.214 (0.064--0.716)0.8040.788 (0.120--5.164)**Yes**15

On subgroup analysis of tumour markers in 32 patients who were diagnosed gall bladder cancer incidentally was performed. In metastatic group (*n* = 9), the median Ca 19.9 and CEA levels were 37.5 ng/ml (IQR-14.8-299.8); 5.7 IU/ml (IQR: 3.8--40.10) respectively. In unresectable group (*n* = 1) the Ca 19.9 and CEA levels were 12.56 ng/ml and 6 IU/ml respectively. In resectable group (*n* = 22), the median Ca 19.9 and CEA levels were 24.7 ng/ml (IQR: 10.1--35.6) and 3 IU/ml (IQR: 2.4--5.0). The Ca 19.9 levels were significantly higher in metastatic group than resectable group (*p* = 0.039). However CEA levels were not statastically significant in metastatic group compared to resectable group (*p* = 0.07).

Discussion {#Sec15}
==========

GBC is a biologically aggressive disease with poor prognosis and late presentation. Despite screening from the outpatient department 38% patients of GBC without SOJ were found to have metastatic disease at the time of surgery as shown in our previous study \[[@CR4]\]. Therefore, it is important to diagnose the advanced nature of the disease preoperatively, to avoid the morbidity related to anesthesia and surgery in these patients.

Predicting metastasis {#Sec16}
---------------------

CA19--9 and CEA are the most commonly used tumor markers in GBC \[[@CR9], [@CR12]\]. The role of these markers in predicting metastasis or unresectability needs attention and evaluation. Finding a serum levels of these markers will help to increase the accuracy of predicting the prognosis of these patients. In a study by Wang et al., value of CA19--9 (but not CEA) increased gradually with progression of clinical stages \[[@CR9]\]. The current study demonstrated that CA19--9 value increases as the tumor burden increases (*p* \< 0.001) but the same was not true for CEA levels (*p* = 0.20). Thus, CA19--9 may be useful in predicting the tumor burden in these patients. In our study the cutoff value of CA19--9 \> 72 and CEA \> 5 had high specificity but low sensitivity in detection of metastatic disease with a AUROC of 0.67 and 0.62 for CA19--9 and CEA respectively. Liu et al. \[[@CR13]\] found cut-off levels CA19--9 of 98.9 IU/ml, an independent predictor of resectability in GBC patients who underwent attempted resection with a sensitivity of 76.3% and specificity of 70.8%. They showed CA19--9 levels may predict R0 resection. Shukla PJ et al. \[[@CR14]\] in their analysis of 335 patients, which also included 80 patients with jaundice, found that when CA19--9 levels exceeded 90 IU/ml, 95% patients had unresectable disease. However, they did not calculate the cut-off levels in their study. Although high levels of CA19--9 (\> 70--100 IU/ml) have been associated with a high probability of unresectable disease, but one should not deny these patients a chance of surgical resection based on the level of tumor markers alone as surgery is the mainstay for curative treatment in these patients. Literature says PET-CT changes the surgical management in 17--23% of patients with GBC (Petrowsky et al. 2006, Corvera 2008 et al) \[ [@CR15], [@CR16]\]. Therefore we suggest the use of PET-CT in work up alogirthm of patients when theCA19--9 is\> 72 and CEA \> 5 to detect occult metastasis preoperatively, potentially avoiding surgical exploration, particularly when routine imaging does not show any sign of unresectability.

Prognostic marker {#Sec17}
-----------------

Wen et al. \[[@CR11]\] used a time dependent ROC curve and AUROC for prognostic accuracy of the tumor markers. They found AUROC at 5 years for CA19--9 was 0.77, CEA was 0.76 and for combined markers was 0.79 and concluded that the combination of an elevated CEA and CA19--9 was an independent predictor of poor prognosis in GBC patients undergoing resection.

We found a statistically significant difference in the survival of patients with CA19--9 \> 37 vs ≤37 IU/ml and CEA \> 4 vs ≤4 ng/ml in univariate analysis along with other tumour characteristics. However both these factors were not significant in determining overall survival on multivariate analysis. The overall 5-year survival of patients with CEA ≤4 and \> 4 was 42.8 and 12.5% respectively. Similarly, patients with CA19--9 ≤ 37 had a 5-year survival of 40%, whereas none of the patients with CA19--9 \> 37 survived for more than 5 years despite curative surgical resection. These observations suggest that preoperative CA19--9 and CEA levels have a utility in prognostication of patients undergoing curative surgical resection. Agarwal et al. \[[@CR17]\] noted a 4-year survival of 78%in GBC patients undergoing extended cholecystectomy (*n* = 33),when CA19--9 levels were less than 20 IU/ml vs 33% when CA19--9 levels were more than 20 IU/ml. They noted that median survival was not reached when CA19--9 levels were less than 20 IU/ml vs 12 months when CA19--9 levels were more than 20 IU/ml \[[@CR17]\].

Predicting recurrence {#Sec18}
---------------------

The elevated preoperative level of CA19--9 has been associated with a high risk of recurrence after curative resection of biliary tract carcinoma in a few published studies including the current study. However, the optimal cut off value of CA19--9 remains controversial. Chung et al. found an optimal cutoff value of preoperative CA19--9 to be 55 IU/ml to predict recurrence in their study \[[@CR18]\]. However, Chung et al. included a mix population of all biliary tract cancers in their study (only 20% of patients had GBC) and approximately 40% of patients among them had jaundice. Liu et al. \[[@CR8]\] reported a mean value of \> 250 IU/ml as cut-off for CA19--9 in predicting recurrence. The higher value reported by Liu et al. could be because they calculated the mean value and not used the ROC curve, or could also be attributed to the differences in study population. Chung et al. \[[@CR18]\] found that the recurrence occurred in 61% patients with CA19--9 \> 55 compared to25% whenCA19--9 was \< 55 IU/ml. In our study, recurrence occurred in 63% patients with CA19--9 \> 37 compared to 35% in patients with CA19--9 \< 37 reaffirming that high CA 19--9 has significantly higher recurrence after curative surgery. The high preoperative CA19--9 level could also be considered as a criterion for considering patient for adjuvant chemotherapy after curative surgical resection.

In our present study we found CEA \> 4, CA19--9 \> 37, presence of T3/T4 tumors, node positive disease and presence of perineural invasion were predictors of recurrence. But on multivariate analysis, only CA19--9 \> 37 was found to be statistically significant in predicting recurrence after surgery.

CA19--9 was found to be a better tumor marker than CEA in our study, as its median value increases with tumor burden. It has a higher area under ROC for prediction of metastatic disease and is a significant factor in predicting recurrence. Recent studies done to understand the molecular mechanisms of GBC show that the eukaryotic initiation factors (eIFs) monitor protein translational processes via PI3K/AKT/mTOR pathway play a pivotal role in cell growth, proliferation, apoptosis and malignant transformation. Overexpression of eIF6s and Insulin growth factor-2 mRNA binding protein, (IMP2) have been significantly correlated with advanced tumor and shorter survival of gallbladder cancer patients. Thus, besides the tumor marker CEA and CA 19--9, eIF6 and IMP2 may be used as a prognostic biomarker for overall survival in GBC patients and might be used as a potential therapeutic approach in future \[[@CR19], [@CR20]\]. Chronic inflammation is risk factor for gall bladder carcinoma. IL-6, a pleiotrophic cytokine is involved in such inflammation and if chronically stimulated will have detrimental effects. However the IL-6 R alpha (interleukin-6 receptor alpha) expression in GBc patients has good prognosis \[[@CR21]\].

The strength of this study are that we included complete spectrum (both resectable and unresectable) of GBC patients to derive at the significance level of the tumour marker. We excluded patients of GBC with SOJ as jaundice by itself can erroneously lead to raised CA19--9, confounding the interpretation of data. Our study is limited by its retrospective analysis of data, which is potentially exposed to selection bias. Secondly, Lewis antigen (non secretory group for CA19--9) was not taken in to account and this could have decreased the accuracy of CA19--9 in predicting advanced disease. There was a limited data on postoperative levels of Ca 19.9 and CEA. Hence the difference between preoperative levels and post operative levels could not be calculated.

Conclusions {#Sec19}
===========

Raised CA19--9 and CEA predict metastatic disease in patients with GBC without jaundice with a good specificity and may help in prognostication of the patient. CA19--9 is overall better than CEA in predicting tumor burden and recurrence. Patients with raised CA 19--9 levels may be considered for preoperative PET before exploration and for adjuvant chemotherapy after resection.

CEA

:   Carcinoma Embryonic Antigen

CA19--9

:   Carbohydrate Antigen 19--9

GBC

:   Gall Bladder Cancer
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:   Positron Emission Tomography

ROC

:   Receiver operating characteristic

AUROC

:   Area under ROC curve
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